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Plant Biology SelectWith a growing body of genomic information and ever-increasing demands on agriculture, the study of plant genetics is
perhaps more urgent than ever. This issue’s Plant Biology Select discusses a technique for site-specific modification of
crop plant genomes and describes surprising new evidence that plant tissue grafts may serve as a conduit for the spread
of genetic information. Recent work also examines the basis for hybrid vigor and stress resistance in rice, and other find-
ings provide a glimpse into the mysterious world of epigenetic inheritance.Zinc Fingers Point to a New Method of Plant EngineeringEngineered zinc-finger nucleases can be
used to introduce site-specific genetic
modifications in maize and other plants.
Image courtesy of V.K. Shukla.Genetic engineering in plants is hampered by a lack of tools for the introduction of
precise mutations into specific genomic loci. Two groups (Townsend et al., 2009;
Shukla et al., 2009) now report the use of engineered zinc-finger nucleases for
gene targeting in plants. In this approach, pioneered in the fruit fly Drosophila and
in human cells, the introduction of a DNA double-strand break at a desired target
locus increases the efficiency of homologous recombination with a donor template.
Both groups designed zinc fingers to recognize specific sequences present in a target
gene. The engineered zinc fingers are fused to a nuclease domain that introduces
the double-strand break. Townsend et al. use this approach to introduce missense
mutations in SuR loci of the tobacco plant to confer resistance to imidazolinone
and sulphonylurea herbicides. Shukla et al. disrupt the locus encoding inositol
1,3,4,5,6-pentakisphosphate 2-kinase (IPK1) in maize with the insertion of a gene
that confers herbicide tolerance. The IPK1 gene was chosen for targeting due its
role in the production of seed phytate, a known source of phosphate pollution in
the environment. Given an increasingly sophisticated understanding of the mutations
and polymorphisms that contribute to desirable qualities in crop plants, these tech-
niques promise to accelerate the translation of genomic information into real world
advances in agriculture.
J.A. Townsend et al. (2009). Nature. Published online April 29, 2009. 10.1038/
nature07845.
V.K. Shukla et al. (2009). Nature. Published online April 29, 2009. 10.1038/nature07992.Graft Investigation Reveals Evidence of Gene ExchangeCells isolated from a
graft site coexpress two
fluorescent reporters, each
of which was originally
restricted to only one of
the grafted tissues. Image
courtesy of R. BockGrafting is a technique commonly used by horticulturalists in which one plant, known as the stock,
is used to nurture tissue from another plant, known as the scion. Grafting can be used to create
plants with desired properties or to accelerate the maturation of hybrids in breeding programs.
Surprising new work by Stegemann and Bock (2009) now suggests the possibility of an unfore-
seen consequence of plant tissue grafts—the exchange of genetic information. The authors
examine grafts between tobacco plants that either express a transgene encoded by nuclear
DNA (conferring kanamycin resistance and expression of yellow fluorescent protein) or a trans-
gene encoded by plastid DNA (conferring spectinomycin resistance and expression of green
fluorescent protein). Plastids are the major organelles in plants, which include chloroplasts, the
site of photosynthesis. By selecting for resistance of cells at the graft site to both kanamycin
and spectinomycin, the authors identify cells that express both sets of transgenic markers. The
authors further show that this form of genetic exchange can occur in both directions (that is,
from scion to the stock and vice versa), but only involves the transfer of plastid DNA between cells
of the graft, and does not involve transfer of nuclear DNA. This work raises many interesting ques-
tions. Do plastids move, or only plastid DNA? If they do move, are plastids mobile under normal
circumstances, or is something unusual occurring in tissue grafts? Lastly, do these findings have
implications for tissue grafts in nonplant species?
S. Stegemann and R. Bock (2009). Science 324, 649–651.Hybrid Rice Is More than the Sum of Its Parts
Hybrid vigor (also known as heterosis) is a phenomenon in which some offspring acquire characteristics thatmake them supe-
rior to either parent. Wei et al. (2009) now provide evidence for how a hybrid strain of rice may acquire its agriculturally bene-
ficial traits. The authors compare global profiles of gene transcription in the LYP9 hybrid strain with each of its parent strains to
identify genes whose transcription level differs substantially in the hybrid. This analysis of multiple tissues and developmental
stages reveals over 2000 genes whose expression deviates from that of the parents. Mapping these hits to the rice genomeCell 137, May 29, 2009 ª2009 Elsevier Inc. 789
Gene expression in LYP9 hybrid rice differs mark-shows that differentially expressed genes are enriched at known quantitative
trait loci (QTLs), suggesting that this list might aid in the discovery of genes
that underlie important growth characteristics, such as starch content, grain
size, and flowering time. Further analysis reveals that the genes most
commonly associated with differential expression in the hybrid include those
involved in energy and carbohydrate metabolism. In addition, genes that
might regulate epigenetic phenomena, such as methylation and acetylation,
are well represented. Although hybrid vigor is undoubtedly very complex,
these findings provide a starting point for uncovering its mechanistic basis
in one of the world’s most important food crops.
G. Wei et al. (2009). Proc. Natl. Acad. Sci. USA. Published online April 16,
2009. 10.1073/pnas.0902340106.edly from its parent strains. Image courtesy of
L. Zhu.SKIPping Out on a Stressful Situation
Resistance to environmental challenges, such as drought and temperature extremes, is a beneficial quality in crop plants. Hou
et al. (2009) now report a newmodulator of stress tolerance in rice (Oryza sativa). The protein, called OsSKIPa, is the homolog
of human SKIP (Ski-interacting protein), which has been shown to regulate mRNA elongation and splicing. This finding adds
OsSKIPa to a growing list of proteins involved in RNA processing that have an impact on stress tolerance. In wild-type plants,
environmental stressors, such as cold, dehydration, and high salt, trigger an increase in OsSKIPa expression. Forced over-
expression of OsSKIPa enhances tolerance to environmental stressors and facilitates cellular adaptations to the increase in
reactive oxygen species triggered by stress. Conversely, knockdown of OsSKIPa expression with RNA interference leads to
impaired growth that is characterized by cellular abnormalities and an increase in cell death in regions where growth occurs,
such as the shoot apical meristem and leaf primordium. HowOsSKIPamediates these effects is unclear, and the authors take
steps in two different directions to shed light on this mystery. First, on the basis that OsSKIPa may be a transcriptional regu-
lator, they compare global gene expression in plants that overexpress OsSKIPa to global gene expression in wild-type and
OsSKIPa-deficient plants. This comparison reveals that plants overexpressing OsSKIPa display differences in the expression
of many genes involved in responses to environmental stimuli and stressors. Second, they conduct a yeast two-hybrid screen
for OsSKIPa-interacting proteins (SIPs). Among the predicted SIPs are transcription factors, cytoskeletal proteins, and
proteins involved in ubiquitination or signal transduction. Future investigation may explore which of these interactions are
functionally relevant for plant stress responses.
X. Hou et al. (2009). Proc. Natl. Acad. Sci. USA 106, 6410–6415.Sometimes the Epigenome Falls Far from the TreePhenotypic variation among epigenetic recombi-
nant siblings during initial inbreeding (F4 genera-
tion). Image courtesy of J. Reinders.Loss of the DNA methyltransferase MET1 impairs the transgenerational
inheritance of epigenetic modifications in Arabidopsis. In their recent
work, Reinders et al. (2009) sought to examine the long-term stability of
transgenerational epigenetic inheritance. To do this, they crossed wild-
type plants and plants lacking the DNAmethyltransferase MET1 to establish
an F2 generation that is a mosaic of both parental strains. Although these
lines are genetically similar, they have diverse patterns of DNA methylation.
The authors then analyze epigenetic inheritance in 68 mosaic inbred lines
from the original F2 population after seven subsequent generations of
inbreeding. Their results show that epigenetic alleles and their resulting
phenotypes, such as impaired growth, can be maintained over many gener-
ations. However, they also provide evidence that some loci exhibit epiallelic
interactions, resulting in unpredictable inheritance of methylation patterns.
Hence, they suggest that the existence of variable epigenetic alleles could
complicate efforts to map epigenetic loci that govern quantitative traits.
J. Reinders et al. (2009) Genes Dev. 23, 939–950.Robert P. KrugerCell 137, May 29, 2009 ª2009 Elsevier Inc. 791
